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COMPOHEHT OPERATING TRENDS DURING ACCELERATION AND DECELERATION 
OF TWO HYPOTHETICAL TWO -SPOOL TURBOJET ENGINES 
By James F. Dugan, Jr. 


SUMMARY 

The compressor and turhine operating trends during acceleration and 
deceleration of two hypothetical two-spool turhojet engines are inves- 
tigated. The t-wo engines are characterized hy the same component per- 
formance maps, hut the arhitrarily specified ratio of outer- to inner- 
spool moment of inertia for the second engine is 4 times that specified 
for the first engine. For static sea-level operation and assigned values 
of exhaust-nozzle area and Inner-turhlne inlet tenperature, transient 
paths of the conpressor and turhine components and speed variations of 
the outer and inner spools are found for the two engines. 

The calculations Indicate that surging of the outer or the inner 
conipressor may he encountered during acceleration and that, for the 
engine having the greater outer- to Inner-^ool moment -of -Inertia ratio, 
surging of the outer canpressor is possible during deceleration. In- 
creasing the ratio of outer-spool to inner-spool moment of inertia hy a 
factor of 4 resulted in an increase in the inner-spool overspeeding from 
0.4 to 2.2 percent at the end of the calculated acceleration. The design 
values of inner- and outer -turhine equivalent specific work were not 
exceeded during acceleration or deceleration. 


IHEEODUCTION 

In order to evaluate the operating characteristics and design proh- 
lems of two-spool engines, an analytical study of two-^ool aircraft 
engines is now being conducted at the NACA Lewis laboratory. Nhen the 
operating characteristics of the engine conponents are known, two-spool 
matching procedures, such as those presented in reference 1, may he 
applied to obtain the equilibrium and tianslent performance of turhojet 
and turboprop engines in which various amounts of bleed and power are 
extracted from the engine components. The matching process is enployed 
in reference 1 to investigate for sea- level static conditions the equi- 
librium operation of a hypothetical two-spool turbojet engine in which 
the coBpressor and turbine performances are based on experimental results. 
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The effect of design over-all compressor -pressure-ratio division on 
two-spool turbojet-engine performance and geometry is determined in ref- 
erence 2 by considering three engines, each having the same design values 
of over-all compressor pressure ratio, turbine-inlet temperature, and 
afterburner temperature but different divisions of over-all compressor 
pressure ratio between the outer and inner conpreseors. 

The objective of the present report is to study the compressor and 
turbine operating trends during acceleration and deceleration of two 
hypothetical two-spool turbojet engines. Determination of compressor 
trends will indicate whether or not surge may be initiated by the outer 
or inner compressor during transient engine operation. If surge diffi- 
culties are anticipated before an engine is designed, the design operat- 
ing points of the components may possibly be selected so that the com- 
pressor surge prpbli^ during treunsient operation is alleviated . If it 
is found that either the outer- or inner-turbine equivalent specific 
work exceeds the design value during transient operation, sufficient 
equivalent-specific-work margin may be provided by selecting a conserv- 
ative design value for the turbine-exit axial-velocity ratio. In so 
doing, the time required to accelerate will not be needlessly lengthened 
because one of the turbines operates at its limiting-loading condition. 
Another problem to be considered during the transient operation of a two- 
spool engine is the. mechanical speed relation between the outer and 
inner spools. For a specific engine, serious stress problems might arise 
during a transient if the speed of either ^ool greatly exceeds its 
design value. 

In this report, two hypothetical two-spool turbojet engines, herein 
designated engines A and B, are considered. Each of these engines is 
characterized by the conponent performance maps discussed in reference 1. 
The difference between the engines is that the arbitrarily specified ratio 
of outer- to inner-spool moment of inertia for engine B is 4 times that 
specified for engine A, the ratio for engine A being realistic for the 
work split. For static sea-level operation and assigned values of 
exhaust-nozzle area arifi inner-turbine inlet tanperature, transient- 
operation paths are calculated and plotted on each of the compressor and 
turbine component maps. The variations of inner- and outer- spool mechan- 
ical speed with time are found for the two engines. 


METEOD OF ANALYSIS 

Engines 

The hypothetical two-spool turbojet engines considered in this re- 
port employ the component -performance characteristics discussed in ref- 
erence 1. The compressor and turbine component performance maps, which 
are presented in figure 1 in terms of the conventional rating parameters. 
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are "based on. various coinpressor and turtine data determined experimen- 
tally at the NACA Lewis la"boratory. !Uhe design-point conditions are as 
follows: 


Over-all compressor total-pressure ratio 10.4 

Outer-coB^ressor equivalent weight flow^ Ib/sec 48 

Outer- coB 5 >ressor total-pressure ratio 2.6 

Outer-compressor efficiency, percent 82 

Inner-conpressor total-pressure ratio 4.0 

Inner -compressor efficiency, percent 83.7 

Inner -tur"bine inlet temperature, °R . 2074 

Inner -turhlne equivalent specific work, Btu/lb 24.1 

Inner-tur"bine efficiency, percent 84 

Outer-turhine equivalent specific work, Btu/lb 13.9 

Outer -tur"bine efficiency, percent ....." 88.5 

Exhaust-nozzle area, sq ft 0.667 


The moments of inertia of the two spools were not pertinent to the 
equilibrium performance discussion in reference 1. They are relevant, 
however, to the transient performance discussed in this report. The 
moments of Inertia of the outer and inner spools of engine A are assigned 
arhitrarily to "be 1 and 2 (lb) (ft) (seo 2 ), respectively, while those of 
engine B are assigned to "be 2 and l(lb) (ft) (sec^), respectively. The 
moment -of -inertia values for engine A are "believed to be realistic for 
an engine conposed of components with the performances shown in figure 
1. It is unlikely that the ratio of outer- to inner-spool moment of 
inertia may vary by a f antor of 4 for a given set of component perform- 
ance maps. Such a variation is considered, however, to indicate the 
effect of this ratio on component operating trends during acceleration 
and deceleration. 


Transients Considered 

For each engine, an acceleration and a deceleration were considered 
for static sea-level operation with design exhaust-nozzle area. From 
the data of reference 1 for static sea-level operation with design 
exhaust -nozzle area and no bleed, the equilibrium conditions at 50 and 
100 percent of design thrust were found to be as follows: 


Equilibrium values 

Percent design thrust 


50 

100 

Inner -turliine inleii ten^Jerature, ^ 4 ^ ^ 

1651 

2074 

Outer-spool equivalent speed, 

85.7 

100 

percent design 

Inner-spool equivalent speed, t\f^} 

90.1 

100 

percent design 

Inner -compressor equivalent ^eed, 

92.9 

100 

percent design 
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The acceleration vas considered to start with each of the components 
operating at its equilibrium conditions for 50-percent design thrust. 

An instantaneous increase in inner-turbine inlet temperature (at con- 
stant outer- and inner -spool speeds) from the equilibrium value of 1651° 

R to an arbitrarily selected value of 2300° R vas assumed to initiate 
the acceleration. Inner -turbine inlet temperature was assumed to be 
held constant at 2300° R during the entire acceleration,, which continued 
until the outer ^ool reached its design speed. Upon attainment of outer- 
spool design speed, it was assumed that the acceleration could be termi- 
nated by an instantaneous decrease in. temperature from 2300° R to the 
equilibrium design temperature of 2074° R. The acceleration, therefore, 
was terminated befor'e the two spools reached the equilibrium that would 
exist at 2300° R. Initiation of accleration by means of a step increase 
in temperature represents an extreme condition and serves to enphasize 
component trends. ■ ■ 

At the beginning of the deceleration, each component operated at its 
equilibrium conditions for 100-percent design thrust. An instantaneous 
decrease in inner-turbine inlet temperature (at constant outer- and 
inner- spool speeds) from the design value of 2074° R to an arbitrarily 
selected value of 1500° R was assumed to initiate the deceleration. Dur- / 

ing the entire deceleration, inner -tiarbine temperature was assumed to be 
held constant at 1500° R. When the outer-spool speed attained its 50- 
percent-thrust equilibrium value, it was assumed that the decerlation 
could be terminated by an instantaneous increase in temperature from 
1500° R to the 50 -per cent -thrust equilibrium temperature of 1651° R. 

The decerlation, therefore, was terminated before the two spools reached 
the equilibrium that would exist at 1500° R. 


Calculation Procedure 

The component perfotniian.ce maps (fig. l) for equilibrium operation 
are assumed to be valid for transient operation. At the beginning of a 
transient, the outer- and inner -spool equivalent speeds are assumed to 
be the equilibrium values. These values of -^eed, together with the 
assigned values of inner-turbine inlet temperature and exhaust -nozzle 
area, fix the operation of each of the components. The values of excess 
torque acting on each spool permit the calculation of the speed incre- 
ments for a finite time interval. The new values of outer- and inner- 
spool speed, together with the specified values of inner-turbine inlet 
temperature and exhaust -nozzle area, determilne the operation of each of 
the components at the new time. The process is repeated until the 
desired value of outer-spool equivalent speed is attained. Symbols are 
defined in appendix A, and details of the. calculation procedure are 
discussed in appendix B. 


t 
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RESULTS AND DISCUSSION 
Acceleration Characteristic 

Component operating trends . - The eq.uilihrium and acceleration paths 
for engines A and B are plotted on the ccsnpressor and turbine component 
performance maps in figure 2 . At the beginning of the acceleration, it 
is assumed that the inner-turbine inlet temperature is 2300° R and that 
the values of and N^y are equal to their equilibrium 

values at 50-percent design thrust. Therefore, the component operating 
points of engines A and B at the initial time are independent of the 
assigned values of moment of inertia. At the Initial time, the outer- 
compressor operating points of engines A and B Jun® instantaneously from 
the equilibrium point a to point b near the outer -compressor stall- 
limit line (fig. 2(a)) . This Jump corresponds to ■th.e instantaneous in- 
crease in inner-turbine inlet tenperature at constant outer- and inner- 
spool speeds. The instantaneous increase in combustor temperature is 
accompaniied by a slight decrease in over-all compressor pressure ratio 
and a large decrease in outer-conpressor equivalent weight flow, so that 
inner -turbine equivalent weight flow remains constant at its choked value. 
After the initial time, conponent operation is dependent on the moments 
of Inertia of the two spools, so that "tiie transient paths of engine A 
differ from those of engine B. The outer-compressor acceleration path 
of engine A (b to c, fig. 2(a)) lies between the stall-limit line and the 
equilibrium path (a to d), while -ttiat of engine B (b tc c') crosses the 
equilibrium path. 

Excluding the initial point then, at a given outer- ccmpresaor equiv- 
alent speed, engine B operates at a higher value of outer -compressor 
equivalent weight flow than engine A. The inner-spool moment of Inertia 
of engine B being less than that for engine A, the inner spool of engine 
B ^eeds up faster during an acceleration, so that the inner -conpressor 
of engine B requires more equivalent weight flow from the outer ccmpresaor 
than does the inner compressor of engine A. For the specific engines 
considered herein, the demands of engine B are such that its acceleration 
path on the outer- conpressor performance map lies partly on the high- 
weight-flow side of the equilibrium path. 

At the beginning of the acceleration, the inner-corpressor operating 
points of engines A and. B junp instantaneously from the equilibrium point 
a to point b on the inner-ccmpi*essor stall-limit line (fig. 2(b)). 

The increase in temperature ratio across the combustor is accompanied by 
a decrease in equivalent weight flow at the inner-compressor exit, so 
that inner -turbine equivalent weight flow remains constant. Since there 
is only a small change in inner-compressor equivalent speed 

the equivalent weight flow at the inner-compressor inlet also decreases 
ftom its equilibrium value. 
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At the beginning of the acceleration then^ both the outer and the 
inner compressors move from their equilibrium operating points toward 
their stall-limit lines. In engines A and the inner -compressor ini- 
tiates surge. For Other engines^ it is quite possible for the outer com- 
pressor to initiate surge during acceleration. For example, if the 
outer -compressor stall-limit line of engines A and B occurred at higher 
values of equivalent weight flow, the outer compressor could have ini- 
tiated surge. The inner -compressor acceleration paths of engines A and 
B lie between the stall-limit line and the equilibrium path (fig. 2(b)) . 
Since the inner -spool moment of Inertia is smaller for engine B than for 
engine A, the inner compressor of engine B attains a higher value of 
equivalent ^eed than that of engine A during the acceleration. 

The calculations show that, during acceleration, both the outer and 
the inner turbines are limited to veilues of equivalent specific work and 
equivalent speed less than the design values (fig. 2(c) and (d) ) . Thus, 
turbine limiting loading, will not be encountered during acceleration, 
and neither the outer nor the inner turbine need be conservatively de- 
signed to provide equlvalent-speclf lo-work miargin during acceleration. 
This applies to engines A and B, since their acceleration paths differ 
only slightly. 

Speed variations . - The variations of outer-spool equivalent speed 
Nq/a/^I snd inner-spool equivalent speed Nj_/ with time are shown 

in figure 3. Because static sea- level conditions were specified, these 
variations are also the outer- and inner- spool mechanical speed varia- 
tions. The outer and Imer spools of engine A reach their design-speed 
values at about the same time (fig. 3(a)) . When the outer spool of engine 
A attains its design value of equivalent speed, the inner -spool is operat- 
ing at 100.4 percent of its design equivalent ^eed. The inner and outer 
spools of engine B reach their design values of equivalent speed at 0.66 
and 1.15 seconds, respectively (fig. 3(b)). However, when the outer- 
spool equivalent speed is 100 percent of design, the inner- spool equiv- 
alent speed is 102.2 percent of design. Thus, increasing the ratio of 
outer- to inner-spool moment of inertia by a factor of 4 results in an 
increase in inner-spool overspeeding from 0.4 to 2.2 percent at the end 
of the calculated acceleration. This result is also ^own in figure 4, 
which is a plot of inner -spool equivalent ^eed against outer-spool 
equivalent speed. During acceleration, the ^eed relation for engine A, 
which was assigned realistic values of outer- and inner-spool momientB of 
inertia, differs only slightly from that for equilibrium operation. For 
engine B, however, over most of the outer- spool speed range, the inner- 
spool speed values are 2 to 3 percent higher than those for equilibrium 
operation. 


Deceleration Characteristics 


Comoponent operating trends . - The equilibrium sind deceleration paths 
for engines A and B are plotted on the comiponent performance maps in 
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figure 5 . At the ■beginning of the deceleration^ the outer con^iresBor 
moves from its eq.uili'brium operating point a to point "b away from 
its stall-limit line (fig. 5(a)) . The instantaneous decrease in combus- 
tor tanperature is acconganied "by a decrease in over-all compressor pres- 
sure ratio and an increase in outer- compressor eq_uivalent 'weight flow. 

( Inner -tur "bine equivalent weight flow remains constant.) The decelera- 
tion path of engine A lies entirely on the high-weight -flow side of the 
equilibrium path. The deceleration path of engine B however, crosses 
the equilibrium path and approaches outer-compressor surge. 

Since the inner-spool moment of inertia of engine B is less than 
that for engine A, the inner spool of engine B slows down faster during 
a declaration, so that, at a given outer-spool speed, the inner ccmpres- 
sor of engine B requires less equivalent weight flow from the outer com- 
pressor than does the inner compressor of engine A. For the specific 
engines considered herein, the demands of engine B are such that its 
deceleration path on the outer-compressor performance map lies in part 
on the low-weig^t-flow side of the equilibrium path. This indicates that 
surging the outer compressor during deceleration may be possible for 
engines having an outer- spool moment of inertia much larger than the 
inner-spool moment of Inertia. 

At the beginning of decleration, the inner 'compressor jumps from 
its equilibrium operating point a to point b away from the inner- 
compressor stall-limit line (fig. 5(b)) . Because the inner -turbine 
equivalent weight flow remains constant, the instantaneous decrease in 
temperature ratio across the combustor is aceonrpanled by an Increase in 
equivalent weight flow at the inner-compressor outlet. Since inner- 
compressor equivalent speed increases slightly, the increase in 

outlet equivalent weight flow is accompanied by an increase in equivalent 
weight flow at the iDner-conpressor inlet. The deceleration paths of 
engines A and B lie on the high -weight-flow side of the equilibrium path. 
The inner- spool mioment of Inertia being smaller for engine B than for 
engine A, the inner compressor of engine B attains a lower value of 
equivalent speed during the deceleration than that of engine A. 

Operation of the inner turbine during deceleration (fig. 5(c)) takes 
place at equivalent speeds highOT than design and at equivalent- specific- 
work values lower than design. The ratio of outer- to inner-spool moment 
of Inertia has only a slight effect on inner -turbine operation. During 
deceleration, the outer turbine (fig. 5(d)) also operates at equivalent 
speeds higher than design and at equivalent-specific-work values lower 
than design. During the latter part of the deceleration, the outer- 
turbine equivalent-specific-work values of engine B are lower than those 
for engine A. 

Speed variations . - The variations of outer- and inner-^ool equiv- 
alent speeds with time are shown in figure 6. For engine A (fig. 6(a)), 


8 


NACA RM E54L28 


the outer- and Inner-spool speeds for equilihrlum operation at 50- 
percerrt design thrust are reached at about the same time. When the 
outer-spool ^eed of engine A reaches its equilibrium value, the inner- 
spool ^eed is 90.3-percent design, the equilibrium value being 90.1 
percent design. The inner and outer spools of engine B reach their 
equilibrium values in 0.34 and 0.78 second, respectively (fig. 6(b)) . 
When the outer-^ool speed decreases to its value for equilibrium opera- 
tion at 50-percent design thrust, the inner-spool speed is 86.8-percent 
design instead of 90.1-percent design, the equilibrium value. Increasing 
the ratio of outer- to inner-spool moment of inertia by a factor of 4 
results in an increase in inner-spool underspeeding from -0.2 to 3.3 
percent at the end of the calculated deceleration. Ihe variation of 
inner-spool equivalent speed vlth outer-spool equivalent speed is shown 
in figure 7 . During deceleration the ^eed relation for engine A, which 
was assigned realistic values of outer- and inner-spool moments of iner- 
tia, is the same as for equilibrium operation. For engine B, however, 
at each value of outer -spool ^eed, the inner-i^ool ^eed during deceler- 
ation is lower than that for equilibrium operation. 


SUMMARY OF RESULTS 

The following results were obtained from transient studies for two 
hypothetical two-spool turbojet engines. The two engines are character- 
ized by the same component performance maps, but the arbitrarily spec- 
ified ratio of outer- to inner-spool moment of Inertia for the second 
engine is 4 times that specified for the first engine . 

1. During acceleration, surging of either the outer or the inner 
conpressor may be encountered. 

2. The calculations for the engine having the greater outer- to 
inner-spool moment-of -inertia ratio indicated that surging of the outer 
compressor is possible during deceleration. 

3. An increase in the ratio of outer- to inner-spool moment of 
inertia by a factor of 4 resulted in an Increase in inner-spool over- 
feeding from 0.4 to 2.2 percent at the end of the calculated 
acceleration. 

4. The design values of inner- and outer -turbine equivalent specific 
work were not exceeded during acceleration or deceleration. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, December 17, 1954 
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APEEHDIX A 
SYMBOLS 

Tke following i^rmbols are used in this report: 

A area, sq[ ft 

Cp specific beat at constant pressure, Btu/ ( lb) ( °R) 
f fuel-air ratio at ccoibustor Inlet 

H stagnation enthalpy, Btu/lb 

I moment of inertia, (lb) (ft) ( sec^) 

N rotational speed, ips 

P total pressure, Ib/sq ft 

p static pressure, Ih/sq ft 

Q excess torque, lb ft 

T total temperature, °R 

t time, sec 

W weight flow, lb/ sec 

H adiabatic efficiency 

6 ratio of total temperature to NACA standard sea-level temperature, 
T/518.7 

S ratio of total pressure to NACA standard sea- level pressure, P/2116 
Subscripts; 
i inner spool 

o outer spool 

0 ambient coalitions 

1 outer-conpressor inlet 

2 outer -compressor exit, inner-conpressor inlet 
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3 1,nnfir-cong)reBBor exit, combustor inlet 

4 combustor exit, inner -turbine inlet 

5 inner-turbine exit, outer -turbine inlet 

6 outer -turbine exit, tail-pipe inlet 

7 exhaust -nozzle exit 


r 


V 
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APPEHDIX B 


MATCHING EROCEDDRE FOR TRANSIENT OPERATION 

Transleat performance for static sea-level conditions was calculated 
with the assumption of isentropic flow in the engine inlet and downstream, 
of the outer turhlne through a constant-area convergent nozzle. The 
con^onent performance valid for equilibrium operation was assumed to be 
valid for operation during acceleration And, deceleration. In matching 
the conponents for transient operation^ constant values of fuel-air ratio 
and burner pressure ratio P4/P3 were used. At the beginning of a 

transient^ the inner- and outer-^ool equivalent speeds were assumed to 
be the equillbriiaa values. 


Compressor Operation 

The values of outer- and i n ner-spool equivalent speed, inner-turbine 
inlet temperature, and exhaust -nozzle area are specified at the initial 
time. The outer- and in ner -compressor operatl.ng points are found in an 
indirect manner. A trial value of W 2 /\/^/S 2 selected* The operat- 
ing point of the outer conpressor is fixed by the values of W2V^/®2 
^o/a/^* value of is calculated which, together with 

the value of the inner-compressor operating point. A 

value of T4 is calculated from 



where the value of is assumed to be the design value. (The 

validity of this assunption may be checked when the inner -turbine operat- 
ing point is found'.) If the value of T4 calculated from equation (l) 
does not equal the assigned T4 value, a new value of W2//62/82 is 
selected. The process is repeated until the calculated T4 agrees with 
the assigned T^ . 


w 


Turbine Operation 

The inner-turbine equivalent speed Nj^/a/^ “s-y calculated from 
the known values of N^//\/^ and The operating points of the 
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inner and outer turbines are found in an indirect manner. A trial value 
of P4/P6 is selected. If tlie proper value is chosen, the value of 

exhaust-nozzle area calculated later in the . procedure vlll check vith 
the specified value of Ay Before the selected value of P4/P0 can he 

checked, a value of inner -turbine pressure ratio P4/P5 is selected. A 

tentative operating point for the inner turbine is thereby fixed by the 
values of P4/P5 that the inner- tvirbine temperature 

ratio T4/T5 may be found. Outer -turbine values of equivalent speed, 
pressure ratio, and flow parameter may be calculated from 



^5^0 ^iV^ ^o (1 + f) 


( 2 ) 


( 3 ) 


( 4 ) 


The outer-turbine values of and P5/P0 fix outer-turbine 

operation and a value of Wglfo/bg may be read from an appropriate plot. 

If this value of flow parameter does not equal the value calculated from 
equation ( 4 ), a new veilue of inner -turbine pressure ratio P4/P5 is 

selected. The process is repeated until the two values of flow parameter 
agree. When this is accorplished the tentative operating points of the 
inner and outer turbines are known. From the values of snd 

Pg/P0 and an appropriate plot, the outer -turbine temperature ratio 
Tg/Tg is read. 


An exhaust-nozzle area value is found from values of and 

. The value of nozzle equivalent weight flow is calculated 

from 







* 


* 


( 5 ) 
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The nozzle equivalent ^eclfic weight flow is found, from the value of 
P7/P0 and. appropriate tables. If the calculated, value of Ay d.oes not 

equal the specified value, a new value of P4/P0 Is selected. The pro- 
cedure is repeated until the selection of P4/P0 Is found to he com- 
patible with the ^ecifled exhaust -nozzle area. 

Excess Torque Values 

The excess torques available for accelerating the outer and inner 
spools are calculated from 

«=> - - “p, A - 0 ] (6) 

- ssr ^ - 1 )] (7) 

Trial increments in Eq and are defined by the following equations: 

At (8) 

ANl - At ( 9 ) 

where the value of At is specified. At time equal to the initial time 
plus the time Increment, trial values of Eg and Ej^ are defined to be 

equal to initial values of Eg and Ej_ plus the incremental values from 
equations (8) and ( 9 ) . For these trial values of Eg and E^ and the 
specified values of T^ and Ay, the calculation is repeated to yield 

the conponent operating points and excess torque values acting on the 
outer and inner ^ools. The actual Increments in Eq and Ei are 
found by substituting in equations (8) and ( 9 ) average values of Qg 
and which are defined to be the arithmetic means of the values cor- 

responding to the initial and trial values of Eg and Ej.. The actual 
values of Eg and E^_ at time equal to the initial time plus the time 

Increment are equal to the initial values of Eg and E^_ plus the 
actual speed Increments. 



14 


NACA RM E54L28 


REFERENCES 

1, Dug^, James E., Jr.: Tvro-Spool Matching Procedur-es suad Equilibrium 

Characteristics of a Two-Spool Turbojet Engine. NACA RM E54P09, 
1954 . 

2. Dugan, James P., Jr.: Effect of Design Over-All Con^ressor Pressure 

Ratio Division on Two-Spool Turbojet-Engine Performance and 
Geometry. NACA RM E54F24a, 1954. 









Total -preaaiire ratio, P3/P2 


16 


iqACA EM E54L28 









3568 




















Totel-prosaure ratio, 


* CO-9 


[:;::::H::::H:jjja:::|::s::;s|^ 




■ ■■■■ aBB«PlBhlBha»Bb 


■ ■■ iSiiSZaBiBaSSpSiaBat PwaaaBPBBBBi ■«■■»■■■ ■■>Bak«P *■■■■■■■ pPP ■>■1*9 


daslga 


fijullitETlua path of 


englnofl A ajid B 


Acceleration path of 


englno A, al)od 
Acceleration path of 


engine B, aho^d 
Static Bea-leyel eanl 


llhriun operating 


point at 50-peroont 


deslga thruBt and 


dealga QXhaunt^no&£lfi 


26 30 34 38 42 46 

Eq.ulvalent wl^t flew, lt /000 

(a) Outer oompreeaor. 

Figure 2. - B^ullihrlim. and acceleration paths for engines A and B. 


egntsa; wa yarn 












20 


HA.CA EM E54L28 


' Equilllirium path, of eixginoB A and B 

— Acceleration path, of engine A, abed 

Acceleratlcai path of engine B, abo'd 

□ Static sea-l 07 el eg.ulllbrlun operating 



Equivalent vel^t flow, ^2^/03/52, Ib/sec 
(b) Inner compreeBor. 

Figure 2 . - Continued. Equillbrlvon. emd acceleration paths 
for engines A and B. 
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(cj) Inner turbine. 


Figure 2. - Continued. Equllibrivnn. and acoeleratlon paths 
for engines A and B. 
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(d) Outer turbine. 

Figure 2. - Concluded. Equilibrium and acceleration paths for engines 
A and B. . 
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(a) Engine A, 


Figure 3. - Variations during acceleration of outer- and Inner-spool 
equivalent speeds with time- 
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Time, t, sec 
(■b) Engine B. 

Figure 3. - Concluded. Variations during acceleration of outer- and 
inner- spool equivalent speeds vitti time. 
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Outer-spool eq,uivalent speed, 

Eo/a/^> percent design 

Figure 4, - Variation of inner-spool equivalent 
speed with. oTiter -spool equivalent speed during 
acceleration. 
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— — Eq.ullDi'brlum. path, of ©ngineB A and B 

Deceleration path of engine A, abed 

Deceleration path of engine B, abo’d 
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stall-limit line 


a design 


Eq,uiTalent wei^t flow, W 2 ITs/seo 

(b) Inner compressor. 


Figure 5. - Continued. Eq.ullibrliim and deceleration paths 
for engines A and B. 
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(c) Inner turtiine. 

Figure 5 . - Continued. Equilibrium and deceleration paths 
for engines A and B. 
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(d) Outer turT^lne. 

Figure 5. - Concluded. Equilibrium and deceleration paths for 
engines A and B. 
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Figure 6- - Variations during deceleration of oat« 
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Figure 7. - Variation of inner-spool eqvii valent 
speed with outer-spool equivalent speed during 
deceler at ion . 
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